In the United States, childhood asthma morbidity and prevalence rates are the highest in less affluent urban minority communnities. More than 80% of childhood asthmatics are allergic to one or more inhalant allergens. We evaluated whether socioeconomic status was associated with a differential in the levels and types of indoor home allergens. Dust samples for an ELISA allergen assay were collected from the homes of 499 families as part of a metropolitan Boston,
Massachusetts, longitudinal birth cohort study of home allergens and asthma in children with a parental history of asthma or allergy. The proportion ofhomes with maximum home allergen levels in the highest category was 42% for dust mite allergen (. 10 pg/g Der p 1 or Der f 1), 13%
for cockroach allergen (> 2 UIg Bla g 1 or Bla g 2), 26% for cat allergen (. 8 pglg Fel d 1), and 20% for dog allergen (. 10 pg/g Can f 1). Homes in the high-poverty area (> 20% of the population below the poverty level) were more likely to have high cockroach allergen levels than homes in the low-poverty area [51 vs. 3%; OR, 33; 95% confidence interval (CI), , but less likely to have high levels of dust mite allergen (16 vs. 53%; OR, 0.2; CI, 0.1-0.4). Lower family income, less maternal education, and race/ethnicity (black or Hispanic vs. white) were also associated with a lower risk of high dust mite levels and a greater risk of high cockroach allergen levels. Within a single U.S. metropolitan area we found marked between-community differences in the types of allergens present in the home, but not necessarily in the overall burden of allergen exposure. Key work asthma, cat, cockroach, dog, dust mite, indoor allergens, inner city. Environ Health Perspect 108:301-307. (2000) . [ Online 18 Febmary 2000] httpnx//empnetl. niehs.nib.ov/docs/l2 /1l08p301-307kitechabstract. /tml Asthma prevalence has increased in recent years and prevalence, hospitalization, and mortality rates are disproportionately high among inner-city and disadvantaged populations in the United States (1) (2) (3) (4) .
Exposure to indoor allergens may contribute to the development of childhood asthma, and it has been suggested that temporal and geographic variation in exposure levels may partially account for variations in asthma prevalence and morbidity both over time and across socioeconomic and geographic boundaries (5, 6) .
Consistent with this hypothesis, levels of at least some indoor allergens appear to vary by geographic location and socioeconomic conditions. Although dust mite allergen is a relatively abundant allergen in many southern and eastern U.S. cities, it is apparently less so in Arizona, New Mexico, and two Canadian cities (7) (8) (9) . Cockroach allergen is more common in homes of relatively low socioeconomic status (SES) than in homes of relatively high SES, whereas the opposite is true for cat allergen (10) (11) (12) .
Yet questions about allergen distribution remain. For example, the importance of the dust mite as an allergen in the inner city is unclear. Although high levels of mite allergen were apparently rare in the eastern U.S. inner-city homes of asthmatic children participating in the National Inner City Asthma Study (13) , nearly 25% of the inner-city asthmatic cohort in an Atlanta, Georgia, study had high levels of mite allergen in the home (10) . Additionally, few studies compare and contrast the levels of allergen in the homes of asthmatics of differing socioeconomic backgrounds within the same city. Finally, whereas some data suggest that inner-city homes from different regions of the United States may have high levels of at least some allergens, whether socioeconomically disadvantaged homes have a greater burden of indoor allergens overall is unknown.
We had the unique opportunity to examine allergen levels in the homes of asthmatic or allergic people from a wide spectrum of socioeconomic backgrounds within a single urban area, as part of a large birth cohort study of the role of allergen exposure in the development of asthma.
We examined the differences in the types tively. Similarly, we performed two separate analyses for cockroach allergens; the cut points were Bla g 1 or Bla g 2 at 2 0.05 U/g and Bla g 1 or Bla g 2 at 2 2 U/g. The categories for each of the allergens were based on levels that have been associated with sensitization or exacerbation or development of asthma (5, 10, 11, (17) (18) (19) . Uncertainty about such cut points or thresholds motivated us to explore two different levels for both dust mite and cockroach allergen (20, 21) .
The highest level of an allergen recorded from any of the four sample sites in a home was termed the maximum allergen level in the home, or home maximum. We performed the logistic regression analyses using this value for each of the homes.
We used zip-code boundaries to define areas within the greater Boston vicinity. The percent of the population below the poverty level was determined for each of the zip-code areas based on data from the 1990 U.S. Census (U.S. Census Bureau, Suitland, MD). The zip-code areas were then combined to form three poverty area categories: low (< 5% of individuals below the poverty level), medium (> 5-20% of individuals below the poverty level), and high (> 20% of individuals below the poverty level). The poverty level data were based on data from the 1990 U.S. Census.
Household race/ethnicity was assigned based on the race/ethnicity designation of the parents. If either of the parents considered him-or herself black, the household was designated as black. In the absence of a black parent, if either parent considered him-or Table 3 and Figure 1 .
Der f 1 was more commonly present at high levels than Der p 1. Der f 1 levels were in the highest category in 40% of the homes, whereas Der p 1 levels were in the highest category in only 11% of the homes. Overall, 67% of the homes had Der f 1 or Der p 1 levels . 2 pg/g, 67% had Fel d 1 levels . 1.0 pg/g, and 60% had Bla g 1 or Bla g 2 levels > 0.05 U/g. Poverty area, socioeconomic, and racial/ethnic risk factors for moderate or high allergen levels. Poverty area (Figure 2 ) was associated with the type and level of allergen exposure (Figure 1 and Tables 4 and  5 ). Living in the high-poverty region of the Boston area was associated with an increased risk of moderate or high levels of cockroach allergen and, conversely, a decreased risk of moderate or high levels of dust mite allergen. These associations were present in each of the rooms sampled and at two cut points for both allergens. An exception to these associations was dust mite allergen in the kitchen; there was a low prevalence of moderate or high levels of allergen in the kitchen in all of the poverty areas. In univariate logistic regression analysis, dust mite and cockroach allergen levels also varied by family income and race/ethnicity (Tables 4 and 5) .
Overall, although 53% of the homes in the low-poverty areas had dust mite allergen levels . 10 Socioeconomic predictors of dust mite and cockroach allergen, adjustingfor home characteristics. Chew et al. (22) reported that the type of home, the type of floor covering, and the season of sampling are associated with dust mite levels in our study homes. As compared to apartments, houses were twice as likely to have high levels of dust mite allergen. Homes with carpeted floors or those that were sampled in the summer were also more likely to have high levels of dust mite whether 2 2 pg/g or 2 10 pg/g was used as the cut point, although homes without these characteristics frequently had high levels (22) .
In the present analysis, these home characteristics only partially accounted for the associations between the various SES indicators of disadvantage and lower dust mite levels. Frequency variables, although race/ethnicity appeared to have significant associations with dust mite and cockroach levels that were independent of the other SES and home characteristics variables considered.
Discussion
We found that homes in the high-poverty regions of a large metropolitan area were more likely to have high levels of cockroach allergen and, conversely, less likely to have high levels of dust mite or cat allergens. Variation in allergen levels was also associated with family income and race/ethnicity. The strengths of our study include the measurement of multiple allergens, the collection of dust from multiple sites in all of the homes, and the sampling of a large number of homes. We also sampled homes from different residential areas or regions (which we designated as poverty areas) within a single metropolitan area, and the homes of families with different racial and socioeconomic backgrounds, allowing us to study the determinants of within-city between-group variation in allergen type and level.
Other studies have shown that cockroach allergen levels tend to be highest in innercity, in certain minority, and in lower income homes (10) (11) (12) . Substandard housing and multiunit buildings, which are generally more common in the inner city, are thought to promote cockroach infestation and thus contribute to the high allergen levels (23) . In our study population, those who lived in high-poverty areas were considerably more likely to live in multiapartment buildings (three or more apartments in a single building) than those who lived in low-poverty areas (58% of the high-poverty area vs. 4% of the low-poverty area).
Other studies have also demonstrated that cat allergen levels vary by location within a city, by race/ethnicity, and by socioeconomic status (10, 11) . In our population, those who lived in the high-poverty areas were less likely to keep cats as pets, and it follows that they would be less likely to have cat allergen levels in the highest category. Although Fel d 1 has been found in dust samples of homes both with and without cats, the presence of allergen levels > 8 pg/g is strongly associated with the presence of a cat (22).
Significantly, in our Boston cohort we found that dust mite levels also vary within a single city by poverty area, by race/ethnicity, and by income variables. Previous studies of dust mite levels in the urban setting have produced varied results. The National Inner City Asthma Study (13) reported a lower prevalence of high levels of dust mite among inner-city homes than in our study (10% of homes had levels 2 2 upg/g, vs. 42% in our study). A study of 57 homes in Atlanta by Volume 108, Number 4, April 2000 * Environmental Health Perspectives Articles * Socioeconomic predictors of allergen levels Call et al. (10) and a study of 186 homes in Wilmington, Delaware, by Gelber et al. (11) reported much higher prevalences of high levels of dust mite allergen in inner-city homes (-25% had levels 2 10 pg/g) than either our study or the National Inner City Asthma Study (13) . Of these other studies only the Wilmington study examined both urban and suburban homes; levels were similar between the two areas. The absence of a difference in dust mite levels between poverty areas in Wilmington, which contrasts with our results, may be a function of the geographic location of the cities studied and/or a function of differences in heating systems and indoor humidity.
We believe that differences in home characteristics and housing stock are responsible for the within-metropolitan-area socioeconomic and race/ethnicity gradients in dust mite and cockroach levels that we observed (8, 22, 24, 25) . The home characteristics, which we measured and reported elsewhere (22) as predictors of dust mite allergens (the type of building, the type of floor covering, and the season) and cockroach allergens (the type of building and the season), only partially explained these socioeconomic gradients in allergen levels. Unmeasured characteristics (e.g., winter indoor temperature, better measures of indoor humidity, or additional details on home condition) may account for the unexplained aspect of the observed differences. For example, other investigators have suggested that certain homes may have higher air exchange rates and may therefore be drier (26, 27) . Although we did not find a difference in humidity between different home types, our measurements were made during a single home visit, and may not reflect household averages or microenvironmental relative humidity.
We also found that black and Hispanic race/ethnicity are independently associated with reduced dust mite levels. Sarpong et al. (12) showed that African American race is an independent predictor of cockroach exposure. As has been suggested for cockroach allergens, it seems likely that differences in home characteristics and housing stock explain the differences in dust mite allergen levels attributable to race/ethnicity. The inability of home characteristics to fully account for the effect of race/ethnicity in our multivariate analysis suggests important unmeasured characteristics. Second, our variables for race/ethnicity, indicators of SES, and poverty were associated with one another, potentially interfering with multivariate analysis. In the multivariate model predicting dust mite allergens, we now include only area poverty and race, excluding income, which is not a significant predictor of dust mite after adjusting for race and family income. The confidence intervals in the adjusted analyses are widened as compared to those in the crude analyses, and although this may partly represent the effects of correlation, it also reflects the relatively small numbers in our lower SES categories.
We found, as have others, that allergen levels varied substantially from room to room within a given home (10,11,1/).
Regardless of the room sampled, however, dust mite allergen levels tended to be lower and cockroach levels higher in the lower SES (high-poverty) areas. The only exception was the kitchen, where dust mite levels were low in most homes. A separate but important question is whether exposure in the home is best characterized by the allergen level in the child's bedroom, the highest level in the home, or some average of all of the rooms. The answer to this question is likely to vary with age and activity patterns of the child and family. These issues have been explored in more detail in analyses of allergen levels as predictors of health outcomes (30) .
The levels of allergen necessary to induce sensitization are uncertain for each of the allergens studied. Although one prospective study of dust mite exposure found a substantially increased risk for asthma among children exposed to . 10 pg/g Der p 1 (5), other studies showed that sensitization may occur with exposure to considerably lower levels (20, 21) . With this in mind we examined two cut points for both dust mite and cockroach allergens and demonstrated a relationship between SES and allergen level at both moderate and high levels.
Finally, our study was not designed to be a random sample of the population in the greater Boston area; we selected for a stable population with a parental history of asthma or allergy and an interest in a longitudinal study. Our findings of socioeconomic gradients in allergen levels have the most relevance to the Northeastern U.S. pediatric populations most at risk for asthma. They have internal relevance as our longitudinal study begins to examine whether allergen type or total allergen burden is predictive of asthma incidence in children at risk for asthma because of family history. Assessment of the distribution of allergens by SES in a general population would require a different sampling strategy based on both SES and housing stock.
In summary, we have shown that allergen types and levels vary substantially by area of residence, family income, and race/ethnicity. However, the net allergen burden faced by inner-city and suburban residents may be more similar than previously suspected. The implications of these findings for asthma risk in vulnerable populations such as the children in our cohort is as yet unknown.
